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3. Scientific Goal(s) of Research Grant:

» Constructing a statistically inhomogeneous model of 3D broken clouds;

* Deriving equations for the mean intensity of direct and diffuse radiation and
developing methods for their solution;

» Testing the cloud model and its radiative predictions by experimental ARM datg;

» ldentifying the key factors governing the radiative properties of 3D broken clouds.

4. Accomplishmentsin “Bulletized Form” (during last eight months):
* A gtatistically inhomogeneous model of 3D broken clouds has been constructed
» Closed equations for the mean intensity of direct and diffuse radiation have been

derived and solved.



5. Progressand accomplishments during last eighth months:

We have presented an approach for the stochastic treatment of the solar radiation
transfer through three-dimensional (single- and multiplayer) broken cloud fields. The
suggested approach is based on a new statistically inhomogeneous model. The term
"statistical inhomogeneity” is to be taken in the sense that cloud statistics (the
unconditional and the conditional probabilities of the cloud presence) depend on the
vertical direction. The constructed statistically inhomogeneous model has been
represented as a set of the datistically homogeneous interrelated layers, each
homogeneous in the vertical but inhomogeneous in horizontal dimensions.

There are three attractive features of the statistically inhomogeneous model. The
model flexibility is the first important feature. The model can describe different
combinations of random and maximum cloud overlaps that are normally used in general
circulation models. Further, relatively few input parameters of this model can be obtained
from observations. This allows one to make a correct comparison of theory against
experiment. Finally, the statistically inhomogeneous model is a logical development of
the statistically homogeneous models. Thus well-developed methods for statistically
homogeneous models can be used as the basis for solving the problem of solar radiative
transfer in the statistically inhomogeneous broken clouds. This has been demonstrated by
examples of unscattered and diffuse solar radiation. The closed equations for the mean
intensity of unscattered and diffuse solar radiation have been obtained and solved
(analytical averaging method).

Since the problem of solar radiative transfer in statistically inhomogeneous broken

clouds has been successfully reduced to the previously solved one, then the radiative



calculations for the statistically inhomogeneous clouds can be made on the basis of
algorithms developed for the statistically homogeneous clouds. Currently, we concentrate
our attention to the next stage of the research. The basic aim is to estimate the accuracy of
the obtained equations. To do this, we will compare radiative properties of the
statistically inhomogeneous broken clouds obtained by (i) the anaytical averaging
method and (ii) the numerical averaging one. The latter is considered as a reference
(exact solutions) and will be made in the following way. Sampling realizations of cloud
realizations will be modeled numerically, and the transfer equation will be solved exactly
in each of the deterministic realizations; then, the ensemble-average radiative properties
of interest to us will be obtained after appropriate processing. This stage will be

completed during the next four months.
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